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ABSTRACT 


Protonyoiu  is  a  new  antibiotic  belonging  to  oyolo- 
heximide  group  with  activities  against  Bndameba  hyst o- 
lytloa  and  saooharomyces,  particularly  resembling  to 
streptimidone  by  pvohardt  .et  .al  in  Parke  ..Davis  .'•Company. 
Degradation  products  of  protomyoin  were  oompared  with 
corresponding  ones  simultaneously  obtained  from  strep— 
timidone.  The  following  structure  of  protomyoin  was 
proposed  on  the  bas.is  of  the  products  in  referring  to 
the  established  structure  of  streptimidones : 


CH3  jJH?  0 


H2C=CH~C  =CH-C  -  C-CH2-CH-CH2-CH 
HO-C  -  CH3 

in, 


'.*•  OH  ,CH  -  CO 

\h 

/ 

ch2-  CO 


Purification  of  cephalomycin  was  carried  out  with 
isoelectric  precipitation  and  chromatography  on 
Sephadex  and  DEAE  cellulose.  The  unitary  aotivity 
increased  twice.  The  amino  acid  constitution  (glycine, 
serine,  glutamic  and  aspartic  acids,  threonine,  proline 
alanine,  methionine,  leucine,  valine,  phenylalanine, 
histidine,  oystine,  tyrosine  and  lysine)  and  R-terminal 
amino  acid  (aspartic  or  glutamic  acid)  were  determined. 
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1,  Introduction 


Fundamental  researches  on  protomyoin,  a  new  antibiotio 
aotive  agcinst  saooharomyces  and  Endameba  hlstolytioa,  and 
oephalomyoin,  a  new  antibiotio  against  Japanese  ]$;  enoepba- 
■3,ltl8  virus }  respectively. were  oarried  out. 

To  know  the  atruoture  of  protomyoin  in  referenoe  to  the 
established  atruoture  of  streptimidooe,  another  antibiotio 
resembling  to  protomyoin  found  by  Dr.  prohardt  et  al  in 
Earke  Davis,  the  degradation  produots  from  protomyoin  were 
Oompared  with  corresponding  ones  simultaneously  obtained 
from  streptimidone, 

Sinoe  cephalomyoin  is  a  polypeptide  neither  orystallized 
nor  assured  for  homogeneity,  further  purifioatibn  was 
attempted  to  increase  its  unitary  aotivity  by  conventional 
procedures  for  purifying  protein. 

2.  Experimentation 


a.  Protomyoin,  degradation  produots 

Keferenoe  to  physio o-ohemioal  and  biological  prcper- 
tertiee,  particularly  to  the  result  of  elemental 
analysis,  infrared  and  antibaoterial  speotra  of 
protomyoin  (l) ,  suggested  it  to  be  an  antiblotio  of 
oyoloheocimide  series. 

For  obtaining  some  knowledges  on  the.struoture  of 
protomyoin  as  related  with  streptimidooe^'^nA ) f 
another  antiblotio  of  oyolohexlmlds  group  with  the 
established  atruoture,  several  dagradatioo  produots 
from  protomyoin  were  compared  with  corresponding  ones 
from  strsptioidone. 

protomyoin  (I),  a  pals  yellow  visoous  llould,  was 
purified  by  molsoular  distillation  c.nd  proved  to  be 
homogeneous  by  couoter-oovrent  distribution*  Although 
reoyetall last ion  from  a  solution  was  so  far  unsuooesa- 
ful,  it  changed  into  a  whits  oryatals,  M.P.  58-61  c, 
when  allowed  to  stand  several  weeks  in  refrigerator. 

She  elemental  analysis  satisfied  the  emplrloal  formula 
of  0i«ffl2$r05 .  Ultraviolet  spectrum  possesed  maxima 
at  2?2.5  m/^®*2A.r00)  and  287  m>(£ -1,4405  in 
methanol*  'Susoifio  optloal  rotation  is  ^7»126o 
(4-1*08,  OSOlx),  Infrared  absorption  (.wj^maxima  in 
nujol  mull  were  found  at  2.71,  2,81,  3.07,  3.13, 

(3**05.  5*78.  5.88.  6.09.  6.21.  (6.90),  (7.30),  7.75, 
7.95.  c,l2.  8.35,  8.50.  8.69,  9.12,  9.49,  9.75,  9.38, 

10. l6,  10.98,  11.15,  11.23,  Sod  11.45  .  The  mo lo¬ 

cular  formula  is  analogous  to  those  of  the  antibiotios 


1 


of  oyolobeximide  series.  The  ultraviolet  speotrum, 
suggesting  the  ezieteooe  of  i  conjugated  double  hood, 
is  olosely  related  with  that  of  streptimidone(2M3)(4) 

The  overall  form  of  the  speotrum  corresponds  well 
to  that  of  streptimidone,  exoept  a  marked  differenoe 
in  the  neighbourhood  of  o^-and  differeooes  in  details 
in  the  region  lower  than  3.0^and  fingerprint  region. 

protomyoin  absorbs  2,08  moles  of  hydrogen  when 
hydrogenated  in  glacial  aoetic  ao?.d  or  ethyl  aloohol 
with  Pd-on-oarcon  catalyst  and  gives  tetrahydro- 
protomyoin  (II), 

The  product,  while  firet  viscous,  changed  into 
white  orystals,  M.P,  39-440C,  when  allowed  to  dtand 
in  refrigerator.  The  elemental  analysts  satisfied 
the  empirical  formula  Ultraviolet  absorp¬ 
tion  maximum  id  at  282  in  ethanol.  The 

peak  in  the  infrared  region  were  found  at  2.99,  3.02, 

3.15,  5.78,  5.81,  5.90,  5.95,  6.60,  6.68,  6.90,  7.30, 

7.65,  7.75,  7.80,  7.92,  8.08,  8.39,  8.49.  8.68.  8.78, 

9.02,  9.20.  9.32,  9.50.  9,73.  9.81,  10.29,  10.72, 

10.8o,  10.86,  11.35,  11.50,  11.75,  11.98,  and  12.18 
(in  nujor).  While  the  oharaoteristio  absorption  bands 
at  about  8^unohanged,  the  bands  at  6.09,  6.21,  lo.lO 
and  10.98  disappeared  and  In  oonjunotion  with  the 


ohange  in  ultraviolet  spectrum,  the  presenoe  of  a 
conjugated  diene  in  the  original  protomyoin  was  defioi 
tely  suggested, 

Protomyoin  was  steam  distilled  from  a  solution  in 
4^  NaOH  into  2H-HC1,  saturated  with  2,4-4initrophenyl- 
hydra* ine.  The  resulting  suspension  was  extraoted 
with  bensene  and  freotlonatad  through  a  oolumn  of 
ailloio  acid,  with  bandana  as  a  developing  solvent. 

A  dark  rad  crystal  And  an  oranga  crystal  were  ob¬ 
tained:  tha  forasr,  M.P.  165°0  and  molacular  formula 
C15H18V4OA,  was  Identified  with  the  corresponding 
prodoot  from  atraptialdona  and  tha  latter.  M.P.  122O0, 
with  tha  2,4~dinitrophenylhydra*one  of  acetone  by  tha 
mixed  melting  point,  elemental  analysis  and  Infrared 
spectrum  reepactlvaly.  Aooordlngly,  protomoyia  gives 
3,5-dloethyl-3,5“haptadiana-2-ona  CH3  OH5 

0H3-O*C-Cs»C-ft-CH3 

/  \  .  H  H  0 

(III),  and  acetone  (IP)  as  volatile  ketones  by  treat¬ 
ing  with  alkali. 

»y  ttao  same  procedure,  tatrahydroprotomyoin  (n) 
gave  two  kinds  of  yellow  orystals  and  one  orange 
orystale  of  2 ,  --dinitro-phenylhydraeone . 

One  of  the  yellow  crystals,  M.P.  59-5400  and 
molecular  formula  £151122*404,  was  identified  With  the 
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oorres ponding  produot  from  streptimidone ;  the  other 
yellow  crystals,  probably  a  stereoisomer  of  the  former, 
showed  M.P,  96-9800,  while  it  satisfied  the  same  mole- 
oular  formula.  The  orange  orystals  were  proved  again 
to  be  the  derivative  of  aoetone.  Thus,  the  vsiotile 
ketones  obtained  by  the  alkaline  treatment  of  tetrahy- 
droprotomyoin  were  found  to  be  2 ,5-dimethyl-2-heptanone 
(T)  and  aoetone  (YI),  CH3  OH3 

CH3-OH2-CH-CH2-  C-C-0H3 
H  0 

The  ozonide  of  protomyoin  was  prepared  in  methanol, 
decomposed  with  au  aqueous  ferrous  sulfate  solution  and 
steam  distilled  into  2N-HC1  saturated  with  2,4-dinitro- 
phenylhydrazine  5  The  preoipitate  was  puri.  ied  by 
silicic  aoid  chromatography  and  identified  with  the 
derivative  of  formaldehyde.  The  residual  solution  was 
filtered,  added  with  an  aqueous  alkaline  solution  and 
steam  distilled;  prom  the  preoipitate  of  2,4-dioitro- 
phooylhydrazoce,  the  derivatives  of  methyl  ethyl  ketoo 
and  aoetone  were  isolated  by  silioio  aoid  ohromoto- 
grephy  and  identified  with  authentlo  samples,  respeoti- 
▼sly.  When  ecocide  was  prepared  in  ohlorofora  and 
deooaposed  with  water,  thera  were  proved  again  formal¬ 
dehyde  and  aoetoelagehyde  from  direot  steam  distillate 
and  methyl  ethyl  ketone  and  aoetone  from  steam  distill¬ 
ate  from  alkaline  solution 

Tetrahydroprotomyoln  (II)  was  oooverted  lhto  oxime 
with  hydroxylamloe-pyridlne  io  ethanol.  The  reaotion 
mixture  rtmalned  viaoooe  in  spite  of  several  procedures 
of  purification.  So  that  it  was  treated  with  lo  ml  of 
75w  B28O4  on  boiling  water  bath  to  induce  Beokmann'a 
rearrangement .  The  reaotion  mixture  was  diluted  with 
20  volumes  of  water  end  steam  distilled.  The  oily  sold 
in  the  dletillate  wee  treated  with  p-phenylaaophenaoy- 
lbroaide.  She  reuniting  aster  (Til),  orange  colored 
sod  melting  at  54-55°0,  eat  iff  led  ad  ampirioal  formula-, 
025*30-3282 OOg •  Thus,  the  oxime  of  tetrahydroproto- 
myoin  gave  an  sold  O16B19-21OOOH  by  Beckmann's  rearran¬ 
gement  followed  by  hydrolysis. 

The  exaotiy  same  prooedure  applied  on  etreptimidone 

Save  p-bromoasophenaoyl  ester :  orange  needles;  m,p,  78- 
loo ;  and,  empirioal  formula,  022H26B203*  The  original 
aoid  satisfied  the  empirioal  formula  of  C7H15COOH,  as 
reasonably  dwduoed  from  the  etruoture  of  atreptimidone. 
Treatment  of  terahydroprotomyoln  (II)  with  bensyla- 
mine  give  a  reaction  products  white  orystals,  M.P,  169-17 
17000  sod  moleonlar  formula  O21H25F3O2.  It  was  identi¬ 
fied  with  the  oovroepooding  produot  from  tetrahydrost- 
reptimldone  to  establish  the  presenoe  of  --ethyl’  ’C« 
glu-tiarimide  moiety. 
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EXPERIMENTAL 


Proton  vo  In  ( I  ^Preparation  and  properties  of  protomyoin 
were  described  in  the  preoeeding  paperg, 
Tetrahrdroprotomvoln-  (H )-Protomyoio  (I)  (1.28g)  was 
dissolved  in  20  ml  of  glacial  aoetio  aoid,  added  with 
500  mg  of  5 j>  Pd-oo-Carbon  and  hydrogenated  with  stir¬ 
ring  at  atmospheric  pressure  and  15°C,  Hydrogen  (2.03 
mol.)  was  absorbed  in  40?  min..  The  reaotion  mixture 
was  filtered  and  evaporated.  The  residue  was  dissolved 
in  a  small  volume  of  benzene.  plaoed  on  a  oolumn  of 
HOl-treated  alumina  and  developed  with  ethyl-aoetate. 
The  eluate  was  evaporated  and  purified  with  moleoular 
distillation  to  give  a  pale  yellow  visoous  liquid. 

It  solidified  gradually,  when  allowed  to  stand  in 
refrigerator,  M.P.  39-440C. 

Anal,  Calcd.  for  Q19B33NO5 :  C,  64,20;  H, 


Pound 


9.36; 

H  »  3 » 94 . 

C.  64.05;  H,  8.98; 
H,  4.25. 


XMeOH  * 

»282*mU.  (£=203). 

Max  ' 

Alkaline  degradation  of  nrotomvoln-  Protomyc in  (461 
mg)  was  dissolved  in  4*  aq.  NaOH.  distilled  immediately 
into  2N-RC1,  saturated  with  2 . 4 -d in it ro phe nyl-hydraz ine , 
The  solution  was  extracted  with  beneene  and  evaporated, 
The  residue  was  dissolved  in  a  small  volume  of  benzene, 
plaoed  on  a  oolumn  of  silioio  aoid  and  developed  with 
the  same  solvent.  The  1st  dark  red  effluent  was 
evaporated  and  reorystallized  from  ethylaoetate  to  give 
a  dark  red  Deedles,  M.P.  165°C. 

Anal.  Oalod,  for  C15H18F4O4:  C,  56,69;  H,  5.70; 

H  17  74# 

Pound  :  0*  57l05;  H,  5.80; 

H,  17.74. 

It  was  identified  with  the  oorres ponding  derivative 
obtained  from  streptlmidone  by  the  same  procedure f  in 
referring  to  mixed  melting  point  and  infrared  speotrum. 

The  second  band,  eluted  with  ethylaoetate  in 
benzene,  gave  orange  crystals,  M.P,  l22oc. 

Anal.  Calod,  for  Oqlho^Oil *  0,  45,38;  K,  4.23; 

'  M  23,52. 

Pound  :  c!  45l51;  E,  4.27; 

N,  23.80. 

Mixed  melting  point  and  infrared  spectrum  supported 
it  to  be  the  derivative  of  aoetone. 

Alkaline  degradation  of  tetrahvdroirrotomroln  -  Tetrahy- 
dr~ protomyoin  (II)  (540  mg)  was  treated  with  alkali  and 
steam  distilled  as  described  above.  The  extraot  of 
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2  ,A-dioitrophenyl  hydraaone  was  fraotionated  through 
a  ooluoo  of  silioio  aoid.  Two  'bands,  moving  closely 
yet  in  clear  separation;  were  eluted  suooessively. 
The  1st  eluate  was  evaporated s  reorystalllaed  from 
95#  ethanol  repeatedly  to  give  yellow  needles,  M.P. 
59-6200. 

Anal.  Oalcd.  for  CX5II22E4O4 :  0,  55,88;  E. 


Pound 


v  jetos 
A  =26  3  tm>.  (a--5l). 
'V  Max  * 


?; 


55.88; 

17,38, 

56.3?; 

17,49. 


H, 


6.88; 

7.04; 


By  treating  teirrahydroprotomyoin  in  the  same  way, 
a  siKiler  derivative,  M.P.  67-710C  was  obtained.  The 
identity  between  two  produots  was  established  on  the 
basis  of  mixed  melting  point  (61-6 7°C )  and  infrared 
speotrom. 


The  eeoond  band  gave  yellow  orystals  M.P.  96-980C., 

Anal,  Calod.  for  01^22^04 :  C,  55.88;  H,  6,88; 

N,  17.38. 

Pound  :  O'  55.91;  H,  6.63; 

H,  17.36. 

Although  the  band  was  not  obtained  from  streptimi- 
done,  the  mixed  melting  point  *"ith  the  above  product 
was  in  the  intermediate  range  (77-8700),  The  infrared 
speotruo  was  identical  eaoh  other. 

The  Slowly  moving  red  band  was  eluted  with  1# 
ethylaoetate-beneene.  Reorystalieatlon  from  95%  l?t OH  g 
gars  oraoge  needles,  M.P,  116-120°C. 

Anal.  Oalod.  for  C9EioM404;  If,  23.52. 

Pound  :  »,  23.53. 

It  *aa  identified  with  the  derivative  from  aoetone. 
Oaonplrsla  gf  protoffivotn-Protottvoin  (l.olg)  was  dis¬ 
solved  in  20  ml  methanol  and  oooled  in  a  bath  of  loe- 
s odium  ohlorlde.  After  bubbling  through  oeoue,  2o  ml 
water  oontslnlng  lg  Pe80i  was  added  to  decompose  the 
oaooide,  filtered  and  distilled  iuto  SB-HCl-^^-dlnitro- 
pheoylhydraBine.  which  was  extracted  with  beneeen  and 
purified  by  silioio  aoid  ohromategraphy,  yellow  needles 
with  M.P.  138-16 100  was  obtained. 

Anal,  Calcd.  for  Q7E6N404J  E,  26,92. 

Pound  :  M,  2c, 85, 

It  was  identified  with  an  authentic  derivative  of 


foroaldehyd . 

To  the  residual  solution  (10  ml)  was  added  10#  H&OR 
(10  cl)  and  steam  distilled  into  2E-IIC1-2 ,A-d init vophe*»: 
oylhyd va2 lne ,  The  acid  solution  was  extracted  with 
bensene  and  developed  through  a  oolumn  of  silioio  aoid; 
the  first  band  gave  orange  orystals,  M.P.  I06-I080C; 


5 


tho  seoond  band,  orange  crystals,  M.P.  llfioc. 

Anal,  of  the  former  Calod,  for  OigRiglllOi; 

C,  47.62;  H,  4.80;  5,  22,22. 

Pound  :  C,  47.69;  H.  4,87;  5,  22.01. 

It  was  identified  with  the  derivative  of  methyle- 
thyl  ketone  by  mixed  melting  point  and  infrared  speotrumn. 
The  seoond  was  proved  to  be  aoetone, 

Protomyoin  (I)  (c20  mg)  in  20  ml  chloroform  was 
treated  with  ozone  in  an  ioe~NaCl  bath.  The  solvent  was 
evaporated  in  vaouo  and  the  residual  viscous  liquid  was 
decomposed  with  water  followed  by  steam  distillation, 
bo  addition  to  formaldehyde,  aoetoaldehyde  was  found  as 
2,4-dlnitrophenylhydrazone ,  M.P,  158-160OC. 

Anal.  Calod,  for  C8H8N4O4 :  IT,  24. 9^, 

Pound  :  IT,  24,33. 

Besidual  solution  was  alkalinieed  and  steam  distilled 
to  prove  again  methyl  ethyl  ketone  and  aoetone, 

A  Cn-aoid  from  tetrahvdronrptomvo in  oxime  -  A  mixture 
of  tetrahydroprotomyoio  (1,28  g,  3,66  mol),  pyridine 
(290  ml)  and  hydroxylamioe  hydroohloride  (254  mg)  in 
10  ml  ethane 1  was  refluxed  for  two  hours,  evaporated, 
washed  with  water  and  ether y  and  dried. 

Since  the  residue  remained  visoous  in  spite  of  several 
treatments,  10  ml.  of  800  sulfuric  aoid  was  added, 
heated  on  boiling  water  fcath  for  1  hour,  poured  into 
200  ml.  of  oold  water  and  steam  distilled.  The  distil¬ 
late  containing  floating  oily  material  consumed  2.04  mol 
equivalent  of  sodium  hydroxide  when  neutralised  with 
standarlsed  0.15  5aOH. 

Tbs  neutralized  solution  was  evaporated  In  vaouo 
aod  refluxed  Slth  500  mg  of  p-phenylasopheuaoyl  bromide 
in  900  aqueous  sthanol  for  two  hours.  The  reaotion 
mixture  wae  evaporated  to  drynees  and  separated  from 
original  reagent  by  eilioio  sold  ohroaatography  devel¬ 
oped  with  bensone .  Tvioe  reorystalisatlon  from  950 
It®  gave  orange  oeedlee,  M.P.  54-55°C  (VII). 

Anal.  Calod.  for  £25830*203*  0,  75.71;  H,  7.79; 

5,  6.60. 

Pound  c  C,  73.86;  H,  7.44; 

H,  6.99. 

The  elemental  analysis  suggested  the  original 
sold  to  have  an  empirloal  formula  of  CiG0l9-2OCOOH. 

A  Ofl-aold  from  tetrahydroatreatlmidone  oxime,-  The 
prooeduoe  exaotly  same  aa  in  the  just  preoeedlng 
pragraph  was  repeated,  but  the  protoayoio  was  substi¬ 
tuted  with  streptlmidone.  The  oorrespondlng  p- 
phenylasopheoaoyl  ester  was  obtained;  oraoge  needles, 

M.P.  78-810C. 

Aoal.  Oalod,  for  O22H26V2O3:  C,  ?2,lo;  H,  7.15; 

5 ,  7  .6  5  . 

Pound  !  ff,  72.13;  H,  7.13; 

5,  7.75. 
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A  reaotlon  nroduot  of  banzvlainlne  and  tetrahydropro-; 
tomyolo  -  A  mixture  of  tetrahydroprotomyoin  (II)  (lg) 
mod  benzylamine  (1,5  ml)  was  heated  on  steam  bath  fox 
four  hours ,  added  with  oarbon  tetraohloride  to  preoi- 
pitate  a  solid.  The  solid  was  reorystallized  from 
ohloroform-ether  and  hot  methanol  to  obtain  a  white 
solid,  II, P,  16 <5-17000. 

Aoal,  Calod,  for  0 2IH25N3O2:  C,  71*20;  H.  7.07; 

N,  11*96, 

Found  »  0,  71.77;  H,  7.07; 

N,  11.46. 

Mixed  melting  point  and  infrared  spectrum  esta¬ 
blished  the  identity  between  the  corresponding  produot 
from  streptimidone  and  the  just  obtained  one. 
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Oephalomyoin,  further  purification 

It  has  been  found  that  not  a  fa*  antibiotic** 
isolated  from  streptomyeee  and  other  speolhs  of 
microorganisms,  auoh  as  helenin(l),  rayxoviromy- 
010(2),  abikoviromyoino )  and  others,  have  anti¬ 
viral  and  antiphage  activities. 

During  screening  for  antiviral  antibiotics  in 
our  laboratory,  the  strain,  Streptom.voes  tan ash lens  is 
Tar,  qephaloayoetlous ,  which  produces  an  act ive  ' 


substance  against  Japanese  B.  enoephalltls  virus  in 
Tlvo |  was  isolate^  from  a  soil  sample  obtained  in 
Tokyo,  This  aotive  product  was  oonoluded  to  be  a  new 
substance  and  was  named  oephalomyoin  by  Hata  et  al, 
Matsumae  and  Oouma  reported  myoologinal  characteris¬ 
tics  of  the  producing  strain,  biological  and  ohemloal 
properties  of  oephalomyoin (A ) ,  and  activities  against 
enoephalltls  virus  in  mioe(5).  According  to  those 
previously  reported  data,  oephalomyoin,  although  not 
homogeneous,  was  supposed  to  be  an  aciaio  polypeptide, 
being  precipitated  at  the  pH  range  2-5  as  a  brownish 
amorphous  powder,  it  ie  non-dialysable,  insoluble  in 
organic  solvents,  and  is  ioaotivated  when  lnoubated 
with  trypsin.  It  is  positive  in  Sakaguohi,  biuret, 
ninhydrio,  diaso  and  Folio's  oolor  reactions,  Aola 
hyd'  olysates  gave  n lnhydrin  positive  spots  by  paper 
ohromatography, 

Cephalomyoln  was  not  only  aotive  against  Japanese 
Jg,  enoephallt lq  virus  in  the  oontaot  experiment,  but 
was  effective  if  given  within  2 A  hours  in  advance  to 
lnooulation  of  Japanese  3.  encephalitis  virus.  Also, 
infeoted  mice  whioh  have  survived  by  treatment  with 
oephalomycin  gained  a  significant  immunity  against 
Japanese  gnoepfatlitia  reinfeotion. 

The  object  of  the  present  work  is  to  isolats  a 
farther  par if led  preparation  of  oephalomyoin  and  to 
investigate  its  physio oohemioal  and  ultimately  its 
blologioal  properties. 


XXH8IMBNTAL 


j  The  oephalomyoin  produoing  Strain, 
inuahliaHt  sal*  oephaloaroetious  f 
n  oar  laboratory,  was  employed  for 
preparing  oephalomyoin. 

Mod  lam:  An  aqueous  medium,  oontalning  2.05C  staroh, 
1ft  soy  bean  meal.  OJift  peptone,  0.5^  meat  extract, 
0,4ft  dry  yeast,  0.5*  NaCl  and  6,3ft  G&Ooy.  initial 
pH  7*0,  was  used  for  oephalomyoin  producing  medium. 


Organism 

maintained*! 
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Animals  s  dd  nioe  of  both  awe,  weighing  about  10  gr 
were  used. 

Tirus :  The  attain  ffakayama  of  Japanese  B,  enoe- 
qhalltls  virus,  intraoerebrally  transfered  "in  our 
laboratory,  was  used. 

Assay  method  of  oephalomyoln j  Samples  were  assayed 
for  oephalonyoin  aotivity  by  a  teohoiq.no  essentially 
the  same  as  that  described  by  Matsumae  and  Oouoa;  when 
Japanese  B.  e.noerhalitla,  virus  was  injected  to  mioe 
iotraoerebrally  with  10"7  -  10“*®  virus  concentrations, 
the  mioe  showed  typioal  symptoms  of  encephalitis  after 
3  to  5  days  after  lnooulation.  However ,  in  this  expe¬ 
riment  3  intraperitoneal  injeotion  was  used  for  oonvtn- 
lenoe. '  In  the  case  of  intraperitoneal  inooulatlon  of 
virus 9  the  typioal  aymptoma  appeared  in  mioe  with 
virus  concentrations  of  lO”^?  -  1(T*2«5.  Accordingly, 
IT*1  virus  concentration  was  used  for  the  experiment. 
The  brains  of  symptomatio  mice  were  removed  and  col¬ 
lected  aseptioally  and  homogenized  in  a  homogenizer 
at  18,000  r„p„m.  with  Hank’s  solution  added  to  the 
ratio  of  4  ml.  per  3  brlann.  This  homogenate  was 
oentrifuged  at  3,000  r#p.m«  for  5  ain.  to  relieve  brain 
debris  and  the  supernatant  solution  (lor*0.5  virua 
concentration )  was  mixed  with  an  equal  volume  of 
appropriate  concentration  of  oephalomyoln  solution  to 
give  IQr'l  virus  oonoentration.  This  mixed  solution 
was  allowed  to  stand  in  loe  water  to  oause  oontaot 
virus  with  oephalomyoio.  After  15  min.  the  suspension 
was  injeoted  to  mioe  iotraperitoneally.  At  the  same 
time,  the  solution  of  10“*a  virus  oonoentration  whioh 
oootained  physiologloal  siline  instead  of  oephalomy- 
oin  was  injeoted  to  other  mioe  as  oontrol  experiment. 
This  control  group  showed  typioal  symptoms  of  tnos- 
phalitis.  Usually,  tha  symptoms  of  Japanese  enoe- 
phalltls  appeared  after  about  4  days  and  tha  result 
baoomo  definite  within  8  days,  but  tha  slot  wars 
observed  still  further  for  14  days  following  the  ioo- 
oulatioo,  Therefore,  if  death  ooourred  within  4  fays, 
it  was  regarded  as  an  aooldent  or  non  enoephalltie 
death  and  in  this  case  the  mioe  were  excluded  from  \ 
the  experiments.  CTephalomyoin  aotivity  was  represented 
in  terms  of  the  ratio  of  snrvivied  mioe  to  treated 
ones. 

Fermentation  t  flfo.  o  enha  leave  at  lcnc  was  ioooulatad 
to  above  described  medium  and  cultured  for  96  hre  at 
2709, 

following  procedures  were  applied  for  further 
purification  of  oephalomyoio. 
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(l)  Purification  of  oephalomyoln 

(•)  Ieoeleotrio  preoipltation: 
tattoo  liquor  or  8ft, 


The  <16  hour  ffermaa- 
,  separated  from 


myoella  by  oentrifugation.  wae  oooied'wlth  ioa  and 
adjusted  to  pH  3,6  by  adding  gradually  lojf  aqueous 
aoetio  aoid  with  stirring,  A  heavy  precipitate 
formed,  and,  after  l*i  min,  of  further  stirring,  the 
preoipltate  was  oclleoted  with  a  sharpies  oentrifuge. 
The  ioaotive  supernatant  was  disoarded,  and  the  pre- 
oipitate  was  dissolved,  with  oooling,  in  distilled 
water  by  adjusting  the  pH  to  8  with  aqueous  ammonia. 
The  resulting  solution  was  oentrlfuged  and  insoluble 
preoipltate  was  disoarded.  The  Supernatant  solution 
was  readjusted  to  pH  3,6  with  10}C  aoetio  aoid  to 
preoipltate  oephalomyoln.  This  preoipltate  was 
oentrlfuged  and  washed  with  aqueous  aoetio  aoid 
(pH  3;6 )  repeatedly.  After  the  washings  beoaae 
olear.  the  isoeleotrio  preoipltate  of  oephalomyoln 
was  dissolved  in  distilled  water  by  adjusting  pH  to 
7,0,  This  procedure  was  repeated  twice;  finally,  a 
red-purple  colored  oephalomyoln  solution  was  obtained, 
(b)  Sephadex,  a  reoently  developed  material  for 
purifying  maoromoleoular  subst”noes,  was  employed, 
Sepahdex  0-2*?  was  suspended  in  distilled  water, 
lighter  floating  gel  partiolea  separated,  and  the 
gelled  Sephadex  packed  into  a  glass  oolumo,  to  the 
top  of  well  washed  8ephadex  oolumn.  the co ephalomy- 
oin  solution  obtained  by  isoeleotrio  preolpitation 
was  poured  on  oarefully.  After  the  solution  had 
been  soaked  into  Sephadex  completely,  elution  was 
oarrica  pat  with  distillled  water,  Oephalomyoln 
solution  was  separated  into  primarily  slutsd  brown 
nolored  tbaod  and  the  following  two  red  oolorsd  bands 
(fig,  1),  Ieoh  eluted  band  was  lyophllissd,  fig, 

ZI  and  XXX  shews  absorption  speotrum  of  brown  and 
red  fraotlono  of  oephalomyoln.  The  ultraviolet  and 
visible  light  absorption  spectrum  of  the  brown 
f root ion  exhibited  a  shoulder  at  the  range  from 
255  to  275  nllllaioron  in  0,1  H-HC1  solution  and 
this  shifted  to  the  range  from  26 0  to  290  millini- 
oroo  in  0,1  V-SaOH;  probably  due  to  the  presence 
of  tyrosine  in  oephalomyoln  molecule.  The  slowly 
eluted  two  red  fraotlono  had  the  same  absorption 
apeotrum  exhibiting  a  peak  at  405  millimioren. 
Antiviral  aotivity  existed  in  brown  fraction 
(Table  II), 
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(o)  Chromatography  on  DEAB-oellulose t  DEAE-oelluloSe, 
2g  in  day  weight ,  was  thoroughly  washed  with  0.01  M 
phosphate  buffer.  pH,  7.0,  and  packed  into  a  glass 
oolumn,  40ag  of  lyophilised  powder  of  the  brown  frac¬ 
tion  was  dissolved  in  1,5  ml  of  0.01  M  phosphate 
buffer ,  pH  7.0,  and  was  applied  to  the  oolumn,  The 
oolumn  was  mounted  above  a  fraotion-oolleotor  and  80 
drop  (4.  ml)  fraotions  were  oolleoted.  Elution  velo-* 
olty  was  lb  ml/hr.  As  shown  in  Fig,  IV,  oephalomyoln 
was  eluted  batohwiee  with  increasing  oonoentratlons 
of  phosphate  and  NaCI,  The  appearance  of  oephalomyoln 
in  the  eloate  was  estimated  by  the  opiloal  obsorption 
density,  at  280  millimicrons.  After  the  elution  with 
the  phosphate  buffers  had  been  finished,  0,2jC  NaOH 
solution  was  passed  through  the  oolumn.  Then,  still 
another  fraotion  was  eluted.  Each  eluate  was  desalted 
by  passing  through  8ephhdex  0-25  oolumn,  and  lyophi- 
lized.  As  a  result,  oephalomyoln  was  separated  to 
four  fraotions  by  DEAB  -cellulose  ohromatography.  The 
antiviral  activity  was  associated  with  every  fraotions. 
The  finally  eluted  fraotion  had  a  higher  level  of 
aotivity  than  others;  The  firpt  eluate  was  less  brown 
oolored  than  others. 

In  order  to  purity  oephalomyoln  further,  several 
attempts  were  made,  including  gradient  elution  from 
DSAB-oellulose  with  a  variety  of  BSG1  gradient, 
reohromatography  on  DEAE-oellulose ,  ohromatography  on 
TEAS-  and  lOTEOIA-oellulose ,  oalolum  phosphate  gel 
ohromatography  and  staroh  gel  elsotroptoorsslt.  All 
these  methods  failed  la  increasing  unitary  aotivity 
of  oephalomyoln.  The  above  deeoribed  porifioatlon 
procedure  was  summerlssd  in  Table  1, 

(2)  Boas  physio oohemloal  and  blologloal  properties  of 
oephaleagreln 

(*)  Paper  slsotrsphorssls t  Paper  electrophoresis  was 
oarried  out  with  horlsontal  method,  using  Toyo  Roshi 
No.  51  filter  paper,  2  x  50  om..  w 20  veronal  buffer. 
pH  8.6,  in  the  oondltlons  of  100  v,,  5  hrs.,  0,1  mA/ 
om.  The  oolor  was  developed  with  1 %  bromphenol  blue 
solution  followed  by  washing  with  aoetlo  aoid. 

As  sheen  in  Pig,  V,  the  original  isoeleotrio 
preolpitsto  was  separated  into  5  fraotioa  as  reported 
previously.  The  red  fraotion  after  oephadex  eluted 
from  8ephadex  oootalned  only  a  small  amount  of  protein 
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aod  remained  nearly  at  tho  original  point j  The  brown 
fraotion  was  separated  into  3  fractions.  The  frac¬ 
tions  eluted  from  DEAE— cellulose  chromatography 
moved  to  different  positions  respectively. 

(b)  Antiviral  aotivity:  Tab3e  IX  represents  anti¬ 
viral  activities  of  the  purified  powders  of  oephalo- 
myoio,  determined  by  the  above  described  methods. 

The-  '  was  no  aotivity  ia  the  red  fraotion,  but  the  *• 
brown  fraotion  revealed  a  higher  aotivity  than  the 
original  isoeleotrio  preoipite.  As  for  four  fracti¬ 
ons  separated  by  the  chromatography  on  DBAB-cellulose, 
no  remarkanle  difference  of  antiviral  aotivity  was 
proved  between  one  another,  but  when  oompared  with 
the  potency  of  isoeleotrio  preoipite,  the  aotivity 
increased  at  least  twofold. 

(c)  Amino  acid  analysis:  One  fraotion  of  oephalo- 
mycin,  eluted  by  0.2 NaOH  from  DBAE-oellulose  column 
chromatography,  was  hydrolysed  in  6  N-HCl  for  24  hrs.t 
at  115°C,  '’ryed  up  in  vaouo  repeatedly,  with  added 
water  in  orter  to  remove  residual  HC1,  The  residue 
was  dissolved  in  water  and  analysed  by  two-dimen¬ 
sional  paper  ohromatograpfay  with  solvent  system  of 
butanol-aoetio  aoid-water  (4:1:2)  and  phenol-water 
(4:1),  and  by  modified  finger  print  method  of  Ingram. 
The  modified  finger  print  technique  was  as  follows: 

a  sample  of  hydrolysate  was  spoted  in  a  middle  side 
of  40  z  40  om.  filter  paper,  and  eleotrophoresis  was 
carried  out  toward  both  sides  of  tbs  spotted  point, 
followed  by  psper-ohrosatogrsphio  development 
(butanol-aoetio  aoid-water,  4:1:2)  to  another  dirso- 
tion.  Amino  aoids  spots  were  colored  by  spraying 
niohydrln  solution, 

A  port  of  hydrolysate  was  mixed  with  2£  dinltro- 
fluorobeosen  solution  and  50jf  ethanol  containing 
SaHOOt  to  dinitropbenylate.  The  resultant  dinitro^ 
pbenylated  amino  aoids  (ZVHP^amloo  acids)  were  ext¬ 
racted  with  ethyl  ether  and  butanol,  ana  were  analy¬ 
sed  by  two-dlmenslooal  paper  ohromatogrophy  (5# 
aqueous  ammonia  saturated  butanol  and  3.5  M  phosphate). 

As  indloated  In  Tig.  VI  and  Til.  the  following 
amino  aoids  were  identified:  aspartic  aoid,  glutamic 
add,  arginine,  lysine,  histidine,  oystine.  glycine, 

threonine,  alanine,  pro  line,  tyrosine,  valine, 
oLr.e ,  phenylalanine  and  methinooioe. 

The  spots  of  DZTP-amlno  aoids  on  paper  were  out 
out,  extraoted  with  5  ml.  of  1 %  NaHO 03  solution, 


12 


and  extracts  were  estimated  by  optical  density  at  360 
millimicron.  3*he  molar  ratio  of  each  DU-amlno  acids 
were:  glycine  2.8,  serine  2.7,  glutamic  aoid  +  aspar¬ 
tic  acid  7.8.  threonine  2.0,  prollno  1.6,  alanine  + 
methiouine  ?;.5t  leuoioe  +  valine  8.9,  phenylalanine 

1.6,  hlstidioe  1.1,  cystine  0,2  and  tyrosine  ♦  lysine 

2 .6 . 

Oephalomyoin,  eluted  from  DBAB-pellulose  chromate** 
graphy  with  0.2*  NaGB,  was  dioitrophenylated,  and  DU* 
oephalomyoin  wee  hydrolysed  in  6  U-3C1  for  14  hrs.  at 
UOOO.  4a  showed  in  fig.  Till,  presumable  IB-terminal 
amino  aoid  of  this  oephalomyoin  was  an  aoidio  amino 
aoid  (aspartic  sold  or  glutanio  aoid}. 

D1SCU38I0K 


According  to  the  above  described  data,  oephalomyoin 
was  characterized  as  a  protein-like  substance  and  several 
conventional  methods  of  protein  purification  were  mpplidd 
for  purification  of  oephalomyoin.  The  antiviral  aotl- 
vity  wac,  however,  not  so  markedly  increased,  but  was 
separated  into  several  fractions  with  almost  similar 
activity  levels.  It  has  been  propsed  that  intaot  and 
atrioktly  regulatod  strnoture  of  large  protein  moleoule 
was  essential  for  enzymes  or  active  proteins  to  exhibit 
a  complete  activity.  On  the  other  hand,  it  has  also 
been  proposed  that  enzymes  or  active  proteins  has  a  one 
or  more  aotive  oenter  parts  in  uoleoules,  whioh  oon- 
8i8te  of  some  amino  aoid  residues  with  limited  sterio 
structure,  to  exhibit  activity,  have  been  demonst’rated 
for  several  enzymes  and  motive  proteins  suoh  as  trypsin, 
ptp8ln,  insulin  and  ohyroohrome  o.  In  this  oonneotlen, 
oephalomyoin  may  be  considered  also  to  have  aotive 
parte  in  its  noleoulee :  the  DBAS-oellulooe  chromatogra¬ 
phy  separated  oephalomyoin  Into  several  fractions  with 
almost  •same  degrees  of  activity,  thereby  suggesting  a 
possibility  that  eaoh  fractionated  oephalomyoin-  have 
•  ooramoo  antiviral  aotive  part  in  their  coleoulea ,  and 
the  other  parts  of  moleoule r-  have  diffe-ont  arrange¬ 


ments  of  amluo  soldi:  or,  St.  oephalomycetious  prodaoaa 
only  one  aotive  substance  in  culture  bro^h,"  and  ainultm* 
oeously  produoes  prstaolytio  enzymes  for  them  and  the 
latter  attaoks  sous  parts  of  the  former,  allowing  an 
eative  part  unaffaatod  to  give  several  uoleoules  with  a 
ooomoo  antiviral  satire  oenter.  Xr.  the  fraotionatiea 
experiments  with  chromatography  on  DSiS-oolluloso  aod 
paporoleotrophoroala,  it  was  often  found  that  the 
Dumber  and  loo at ion  of  the  active  fractions  somewhat 
varied  from  lot  to  lot.  This  variation  would  suggest 
the  above  desoribad  possibility. 
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SUMMARY 


1.  Cephalomyoin  was  isolated  from  the  culture  broth  by 
Isoelectric  precipitation,  gel  filtration  on  Sepha- 
dex  and  chromatography  on  DEAE-oellulose , 

2.  Purified  preparation  was  shown  to  be  homogeneous  by 
psperelectrophoresis , 

3.  Each  separated  fraction  of  cephalomyoin  exhibited 
the  almost  same  degree  of  antiviral  aotivity. 

4.  Amino  acid  analysis  and  presumable  R-terminal  amino 
acid  of  one  fraction  of  cephalomyoin  were  determined, 
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STJMM&RY 


Protomyoin  is  a  new  antibiotio  belonging  to  oyolo- 
heximide  group  with  activities  against  gndameba  hist o- 
Ivt loa  and  saooharomyoes.  particularly  resembling  to 
streptloldone  by  probarat  et  al-in  parke. Davis  Company. 
Degradation  produots  of  protomycin  were  compared  with 
corresponding  ones  simultaneously  obtained  from  street- 
ptimidone.  The*  following  structure  of  protooyoin  was 
proposed  on  the  basis  of  the  products  io  referring  to 
the  established  structure  of  st re ptimidone; 


P  P I  T  / 

=CH-C=CH-0  -  C  -CH2  -CH-CH2  — CJH 
»— is  -  art-  ^ 


HO-0 


CH  -  CO 

ym 
CH2~  co 


ch5 


Purification  of  oephalomyoin  was  carried  out  with 
isoeleotrio  preoipitation  and  ohromatography  on  Sephadex 
and  DBAS  cellulose.  The  unitary  aotivlty  increased 
twioe.  The  amino  aoid  oanstitution  (glyoiae.  serine, 
glutamlo  and  as part io  aoide,  threonine,  proline, 

8lanine,  methionine,  leuoine,  valine,  phenyladne, 
histidine,  oystine,  tyrosine  and  lysine)  and  N-terminal 
amino  aoia  (aspartic  or  glutamic  add)  were  determined. 
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APB&mUX  1 


vScpamtion  on  a  Column  of  Sephadex  G ~25 


I 


« 


CepM.loTryc.in  vSolu.  is  applied 
on  a  column  of  vSephadex. 


W*0 


Red  fraction . 

Red  fraction. 
Brou/n  fraction. 
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APEBHB'IX  2 


WAVE  l£N&Th  IN 


/*»yv  W- 


AP7EKMX  ? 


APPENDIX  4 


Fi^.  TV 

Elation  of  Cephalomycin  from  DEAE -cellulose 


t 
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Fig.  Y  Riper  Blectvophovejis  oi  CephoJomycin 

loo  v.  $  h vs.  o.l  wA/cw 

ftiper  I  Toyo  Poshi  No. ixaecm 
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APPENDIX  6 


FiS-  e 

Riper'electv'o-  chromatogram  of  amino  acid 
in  cephalowycin.  (  D£AE-c,  o-2%  elaate) 
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BaOH-NH 


iPHaJDix  8 


Fl$.W 

N'termina.1  awi-no  axid  of 
CepUlomyciu  (DEAE_c.  0.2  %NaOH  eluate) 
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APPENDIX  9 


Table  I 

Purification  procedure  of  Cephaloayoln 


Broth 

1 

Filtrate 

|  adj.  to  pH  3.6 

PPt 

|  iisaolv.  to  water  (pH  8) 

aq.  solu. 
i 

Sephadex  0-25 
|  elute  with  water 
Brown  fraction 


DSA-E-cellulpee 

elute  with  phosphate  buffer 
containing  with  Increasing 
amount  of  HaCl,  and 
0*2  *  laOH 

eluateg 

|  Sephadex  G-25  for  desalts 
lyophlllzatlon 
1 

Purified  powder  of  Cephalomycln 
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APPENDIX  10 


ToAlc  I 

A-*tivir*l  activity  of  purified  C*ph*lot*yein 
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